The genus Maribacter was established with four species by Nedashkovskaya et al. (2004) . The genus Maribacter belongs to the family Flavobacteriaceae and currently comprises eight species with validly published names (List of Prokaryotic Names with Standing in Nomenclature; http://www.bacterio.cict.fr). Members of the genus Maribacter have been isolated from various marine habitats: Maribacter aquivivus, Maribacter orientalis, Maribacter dokdonensis and Maribacter forsetii were isolated from seawater samples (Nedashkovskaya et al., 2004; Yoon et al., 2005; Barbeyron et al., 2008) ; Maribacter sedimenticola and Maribacter arcticus were isolated from marine sediments (Nedashkovskaya et al., 2004; Cho et al., 2008) ; and Maribacter ulvicola and Maribacter polysiphoniae were isolated from marine algae (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 . In this study, a psychrophilic bacterium was isolated from a culture of an Antarctic green alga and subjected to polyphasic taxonomic analysis.
A culture of a green alga, Pyramimonas gelidicola (Korea Polar Research Institute, KOPRI Culture Collection of Polar Micro-organism, KCCPM strain AnM0046), was established from Antarctic seawater and maintained in f/2 medium (Guillard & Ryther, 1962) at 2-4 uC under continuous light. A sample (10 ml) of the culture was taken and spread on marine agar 2216 (MA; Difco) plates in a cold laboratory (4 u C). Plates were then incubated aerobically at 4 u C for 2 weeks. Strain CL-AP4
T was isolated and purified by streaking four times onto new MA plates. The strain was maintained both on MA at 4 u C and in marine broth 2216 (MB; Difco) supplemented with 30 % (v/v) glycerol at 280 u C.
For 16S rRNA gene amplification by PCR, DNA was extracted from a single colony by a boiling method (Englen & Kelley, 2000) . The crude extracts served as the DNA template for PCR, which included Taq DNA polymerase (Bioneer) and primers 27F and 1492R (Lane, 1991) . The PCR product was purified by using an AccuPrep PCR purification kit (Bioneer) and direct sequence determination of the purified 16S rRNA gene was performed with an Applied Biosystems automated sequencer (ABI3730XL) at Macrogen, Seoul, Korea. The near-complete 16S rRNA gene sequence of strain CL-AP4 T (1410 bp) was obtained and compared with available 16S rRNA gene sequences in GenBank by using BLASTN searches (Altschul et al., 1990) . The 16S rRNA gene sequence of strain CL-AP4
T was aligned manually with a representative set of sequences from the family Flavobacteriaceae obtained from GenBank and Ribosomal Database Project II (Cole et al., 2007) using known 16S rRNA secondary-structure information. Phylogenetic trees were constructed by neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods. An evolutionary-distance matrix for the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of tree topologies was assessed by bootstrap analyses based on 1000 replications for neighbour-joining and maximum-parsimony methods and 100 replications for the maximum-likelihood method. Alignment analysis was carried out by using the JPHYDIT program (Jeon et al., 2005) and phylogenetic analyses were carried out by using MEGA4 (Tamura et al., 2007) and PAUP* (Swofford, 1998) . Likelihood parameters were estimated by using the hierarchical ratio test in MODELTEST version 3.04 (Posada & Crandall, 1998) . The genomic DNA relatedness between strain CL-AP4 T and M. arcticus KOPRI 20941
T (Cho et al., 2008) was determined by dot-blot hybridization . Pre-hybridization, hybridization and detection were performed using a DIG labelling and detection kit (Roche Molecular Biochemicals) according to the manufacturer's instructions.
Morphological, physiological and biochemical analyses were performed as follows. Unless otherwise specified, all characteristics described hereafter were based on cultures grown on MA at 10 u C. Gram-staining was performed as described by Smibert & Krieg (1994) . Motility of the cells was observed by the hanging-drop method (Suzuki et al., 2001) . The morphology and presence of flagella were observed by using transmission electron microscopy (EX2; JEOL). Anaerobic growth was tested on MA and ZOF medium (Lemos et al., 1985) supplemented with agar (1.5 %) by using the GasPak anaerobic system (BBL) for 40 days. The presence of poly-b-hydroxybutyrate granules was assessed by epifluorescence microscopy (BX60; Olympus) after Nile blue A staining (Ostle & Holt, 1982) . The temperature range for growth was determined on the basis of colony formation on MA incubated at temperatures ranging from 0 to 40 u C (in increments of 5 u C). The pH range for growth (pH 4-10, in increments of 1 pH unit) was determined by assessing changes in OD 600 over the incubation period (up to 25 days) in MB. The final pH was adjusted by using 1 M NaOH and 1 M HCl solutions. The tolerance of strain CL-AP4
T to sea salts (Sigma) or NaCl was determined by assessing changes in OD 600 in synthetic ZoBell broth (Bacto peptone, 5 g; yeast extract, 1 g; ferric citrate, 0.1 g; distilled water, 1 l) with concentrations (0-10 % in increments of 1 %, and 15 %, w/v) of sea salts or NaCl at 10 u C.
In the following tests, M. arcticus KOPRI 20941
T (Cho et al., 2008) was used as a reference strain. Oxidase and catalase were assayed according to the protocols described by Smibert & Krieg (1994) . Amylase, gelatinase and nitrate reductase activities and degradation of Tweens 40 and 80 were determined according to Hansen & Sørheim (1991) . Other enzyme activities were assayed by using the API ZYM and API 20NE kits (bioMérieux) according to the manufacturer's instructions, except that the cell suspension was prepared by using artificial seawater (NaCl, 24 g; MgCl 2 . 6H 2 O, 10.9 g; Na 2 SO 4 , 4 g; CaCl 2 . 2H 2 O, 1.5 g; KCl, 0.7 g; NaHCO 3 , 0.2 g; KBr, 0.1 g; H 3 BO 3 , 0.027 g; SrCl 2 . 6H 2 O, 0.03 g; NaF, 0.003 g; distilled water, 1 l; Lyman & Fleming, 1940) . In addition, acid production was tested by using an API 50CH kit (bioMérieux). To examine carbon utilization, basal broth medium (NaCl, 23.6 Bruns et al., 2001) supplemented with yeast extract and containing 0.4 % carbon source was used. Growth was monitored by assessing changes in OD 600 using a spectrophotometer (Ultraspec 2000; Pharmacia Biotech). OD 600 was measured every week for approximately 1 month. Carbon utilization was scored as negative when growth rate was equal to, or less than, that in the negative control with no carbon source. Growth rate was measured by assessing changes in OD 600 .
Analysis of the fatty acid composition of whole cells of strain CL-AP4
T was carried out according to the standard protocol of the Microbial Identification system (MIDI) at the Korean Culture Center of Microorganisms (KCCM) in Seoul, Korea. Strain CL-AP4
T was grown on MA at 12 u C for 17 days. The DNA G+C content was analysed by HPLC (HP 100; Hewlett Packard) analysis of deoxyribonucleosides as described by Mesbah et al. (1989) , after DNA extraction by the method of Marmur (1961) . l phage DNA was used as a standard. Isoprenoid quinone composition was determined according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) , using M. arcticus KOPRI 20941
T (Cho et al., 2008 ) as a reference strain.
Morphological, physiological and biochemical characteristics of strain CL-AP4
T are given in the species description and in Table 1 . The major fatty acids of strain CL-AP4 T were iso-C 15 : 0 (17.2 %), iso-C 15 : 1 (16.8 %) and iso-C 17 : 0 3-OH (14.9 %) (see Supplementary Table S1 , available in IJSEM Online), as observed in other members of the genus Maribacter (Nedashkovskaya et al., 2004; Yoon et al., 2005) . The predominant quinone in strain CL-AP4
T was MK-6, which is also commonly found in Maribacter species (Nedashkovskaya et al., 2004) . The DNA G+C content of strain CL-AP4 T was 37.1 mol%. This value is in accordance with the range of DNA G+C contents found in the genus Maribacter (34.2-41.1 mol%; Table 1 ). These data support placement of strain CL-AP4 T in the genus Maribacter (Nedashkovskaya et al., 2004) .
Analysis of the 16S rRNA gene sequence revealed a clear affiliation between strain CL-AP4
T and members of the genus Maribacter in the family Flavobacteriaceae (Fig. 1) . Strain CL-AP4
T was most closely related to the type strain of M. arcticus (97.2 % sequence similarity) and to other members of the genus Maribacter (95.1-96.4 % sequence similarity). Phylogenetic analyses based on 16S rRNA gene sequences revealed that strain CL-AP4 T formed a robust clade with M. arcticus (Fig. 1) . DNA-DNA relatedness between strain CL-AP4 T and M. arcticus KOPRI 20941 T was 10 %, which is much lower than the accepted level for delineating species (Vandamme et al., 1996) . Thus, the phylogenetic and genomic evidence indicated that strain CL-AP4 T does not belong to any recognized species, but rather represents a novel species of the genus Maribacter.
Besides many features common to recognized members of the genus Maribacter, strain CL-AP4 T had some differential traits. For example, the temperature for optimal growth of strain CL-AP4 T (10 u C) was clearly lower than that of other Maribacter species (20-32 u C; Table 1 ). According to the definition by Morita (1975) , strain CL-AP4
T is the first psychrophilic bacterium to be discovered in the genus Maribacter. Strain CL-AP4
T could be differentiated from M. arcticus by certain phenotypic traits, i.e. strain CL-AP4 T was unable to reduce nitrate, could hydrolyse starch, Tween 40 and Tween 80, produced trypsin and did not produce acid phosphatase (Cho et al., 2008) .
Therefore, on the basis of the polyphasic data presented, strain CL-AP4
T should be placed in the genus Maribacter as a novel species, for which the name Maribacter antarcticus sp. nov. is proposed.
Description of Maribacter antarcticus sp. nov.
Maribacter antarcticus (ant.arc9ti.cus. L. masc. adj. antarcticus of the Antarctic, the environment from where the type strain was isolated).
Cells are psychrophilic, Gram-negative, strictly aerobic and non-motile. Oxidase-and catalase-positive. Cells are rods, approximately 0.3-0.5 mm in width and 1.5-3.0 mm in length. Colonies are circular, convex, dark orange in colour and about 1 mm in diameter after incubation for 10 days on MA at 10 u C. Grows at 4-15 u C (optimum of 10 u C) and pH 7-9 (optimum of pH 8). Growth occurs in sea salts concentrations of 2-6 % (w/v) (optimum 3-4 %), but no growth occurs in media containing only NaCl as a salt. Cells do not contain poly-b-hydroxybutyrate granules. Nitrate is not reduced. Starch and Tweens 40 and 80 are hydrolysed, but gelatin is not. In assays with the API ZYM system, Nacetyl-b-glucosaminidase, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, trypsin and valine arylamidase are positive, whereas naphthol-AS-BI-phosphohydrolase is weakly positive. Acid phosphatase, a-chymotrypsin, cystine arylamidase, esterase (C4), a-fucosidase, a-and bgalactosidases, a-and b-glucosidases, b-glucuronidase, lipase (C14) and a-mannosidase are negative. In assays with the API 20NE system, aesculin hydrolysis is positive, whereas indole production, glucose fermentation, arginine dihydrolase, gelatinase and urease are negative. In assays with the API 50CH system, acid is not produced from N-acetylglucosamine, adonitol, amygdalin, D-and L-arabinose, D-and Larabitol, arbutin, cellobiose, dulcitol, erythritol, aesculin, fructose, D-and L-fucose, D-galactose, gentiobiose, gluconate, D-glucose, glycerol, glycogen, inositol, inulin, 2-and 5-ketogluconate, lactose, D-lyxose, maltose, mannitol, mannose, melezitose, melibiose, methyl a-D-mannoside, methyl a-D-glucoside, methyl b-D-xyloside, raffinose, rhamnose, ribose, salicin, sorbitol, sorbose, starch, sucrose, D-tagatose, trehalose, turanose, xylitol, or D-and L-xylose. L-Arabinose, citrate, D-fructose, D-galactose, D-glucose, lactose, mannitol, D-mannose and sucrose are not utilized as sole carbon sources. The predominant quinone is MK-6. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 and iso-C 17 : 0 3-OH. The DNA G+C content of the type strain is 37.1 mol%.
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